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Abstract 
In this paper, we are considering the blood flow passing through a three-dimensional geometrically realistic stenosis is 
investigated both experimentally and numerically. Although the blood ﬂow in stenotic arteries has been extensively studied in the 
past few decades, not much work has been focused on irregularity of stenosis. Therefore, a computational model of an irregular 
stenotic descending aorta is used in this research work. The governing equations are solved numerically using finite-
volume/finite-difference techniques in the generalized body-fitted coordinates system. The grid generating system is based on 
solution of a set of partial differential equations with finite difference discretization.  
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1. Introduction  
Many cardiovascular diseases, particularly atherosclerosis, have been found to be responsible for deaths in both developed and 
developing countries. The study of blood flow through a stenotic artery is very important because the nature of blood movement 
and mechanical behaviour of vessel walls are causes of many cardiovascular diseases. For many decades, cardiovascular 
disease has been one of the most severe diseases causing a large number of deaths worldwide each year, especially 
in developed countries. The resulting build up is called plaque or stenosis[1]. The complex geometry of arteries 
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(bending, bifurcation, stenosis, etc.) is also an important factor, which obviously affects the local hemodynamics. 
Sharma et al. [2] studied a MHD flow in stenosis artery using finite difference technique. Kumar et al.[3] 
Computational technique for flow in blood vessels with porous effects. They are solved governing equations by 
using finite element method.  
 
Nomenclature 
)                            Velocity components at Cartesian coordinate 
Uc, Vc and Wc        components of the contravariant velocity respectively 
an and bi                 amplifications factors  
 cn and di                decay factors.  
N                            number of constant grid lines 
 [  and K               around  clustering enforced 
 
 More recent researches have provided us with a better understanding of the mechanisms underlying arterial 
stenosis. Physical motion of a blood clot inside the human common carotid artery was investigated by Vahidi [4]. 
The blood flows in normal and diseased porcine left anterior descending (LAD) arterial tree were modelled by Su et 
al. [5] to determine the effects of stenosis on the blood ﬂow distribution and hemodynamic parameters. Effect of 
different inlet velocity proﬁles on the biomechanical characteristics of a realistic carotid artery was studied by Piskin 
and Celebi [6]. In their study, computational domain was generated by using computed tomography (CT) data of a 
real patient. In another recent study by Tian et al. [7], the effects of plaque size/geometry on the pulsatile non-
Newtonian blood ﬂow past a 2D stenosed artery were investigated. It has been widely observed that atherosclerotic 
stenosis occurs at regions with complex hemodynamics, due to the low or highly oscillatory wall shear stress, such 
as arteries with high curvature or bifurcations. In this regard, in the study conducted by Kumar [8] performance model 
and analysis of blood flow in small vessels with magnetic effects. Speciﬁcally, the large curvature and planarity of the vessel 
were found to increase the risk for stenoses. Actually, the infraction of blood flow may cause lower velocity and 
WSS. Therefore, the sites with flow recirculation, separation and reattachment are susceptible to the atherosclerosis 
[9, 10, 11, ,12, 13, 14]. There are a large number of researches leading to understand the effects of geometry of 
stenosis on hydrodynamic parameters. Most of them use simplified stenosis models such as circular-cross sections 
[14, 15, 16, 17, 18], semicircular [19], sinusoidal or cosine profile [20], exponential function [7]. 
2. Experimental Study 
According to the purposes of this study, flow in the human aorta as the most common site for development of 
atherosclerotic lesions is modeled [20]. It is known that the diameter of descending aorta is about 29.83 ± 3.79 mm 
[33]. Therefore, a rigid clear plastic tube with an inside diameter of 1 inch was deformed to create the asymmetric 
model. To ensure fully developed laminar flow at the entrance of the model, a 1-m long straight rigid tube was 
placed upstream. A schematic diagram of the flow apparatus is shown in Figure 1. 
                                    
Figure 1. Schematic diagram of the experimental set-up 
160, 190 and 540 corresponding to the range of Reynolds number typically encountered in the human aorta are 
considered. It is quite acceptable that the blood floow in a large vessel may be modeled accurately as a Newtonian 
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fluid according to [17,18].  
                    
 
 
 
 
 
                                         
                                                  
 
                                                                     
 
 
                                                                                                
 
                                                              Figure 2. Illustrations of the experimental setup     
   2.1 .Computational Model 
 
The exact geometry was measured with a 64-slice multi-detector CT scanner with a slice thickness of 0.625 mm 
and pixel spacing of 0.225 mm × 0.225 mm. A Matlab-based edge detection program was used to determine the 
periphery at each cross-section. Figure 3 shows the geometry of the stenotic model which has an inside diameter of 
1 inch and an area occlusion of ~55%. 
                                                         
                 Figure 3. Geometry of irregular constriction diameter of stenosis at inlet) 
4. Governing equations 
 
In the present study, the flow is assumed to be steady, laminar, incompressible, Newtonian and at constant 
properties. Governing equations in general curvilinear coordinates can be written as follows[16]: 
 
Continuity:           1 0     ª ºw w wU  U  U  « »w[ wK w]¬ ¼                     (5) 
Where[ ,K and ]  are general curvilinear coordinates and determinant of inverse Jacobean is:  
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Uc, Vc and Wc (the components of the contravariant velocity) are: 
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Momentum (Variable)  is considering as a velocity components at Cartesian coordinates): 
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Where source term, CDJS , is evaluated by: 
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Coefficients 11q , 22q  and 33q  are 
11 22
33
,           
     
 

 [ [ [ [ [ [  K K K K K K
 ] ] ] ] ] ]
                                            (10) 
In this numerical practice, transformations parameters x[ , [  etc. are evaluated numerically. It is noted that the same 
means of discretization be used for the evaluation of the transformation parameters in governing equations.  
The discretized forms of the transformed equations are obtained by a control volume formulation in a non staggered 
grid. The convection terms are treated by power-law scheme and central differencing is applied for diffusion terms. 
Each equation is integrated over control volume and values of the dependent variable and its derivative at control 
surfaces are approximated in terms of nodal values at surrounding points. The resulting equations are solved using 
the SIMPLER (Semi-Implicit Method for Pressure-Linked Equations Revised) algorithm.. 
 
                                                              Figure 7. 3D grid generation at stenosis model 
5. Cylindrical channel 
3D cylindrical channels for their curvilinear boundaries can be an appropriate example for this study.. Figure 8 
illustrates that less than 2 percent difference in centreline profile is measured between grids N3 and N4. Hence, grid 
N3 is used in the computational scheme. 
C onstriction Inlet O utlet 
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Figure 8. Comparison of centreline stream wise velocity Component using four different grids 
Figure 9 exhibits the comparison of mean wall shear stress coefficient between numerical and analytical 
solution[39]. It can be observed that there is a good agreement between the present numerical result and analytical 
solution. 
                                                          
Figure 9.  Comparison of computed mean wall shear stress coefficient at different dimensionless axial locations distal to inlet 
with the analytical solution [40] at inlet Re=130 
 
A comparison with Figure 10 shows N3 as a baseline grid. The percent difference in velocity magnitude is measured. 
The difference between grids N2 and N3 is minimal, but grid N2 preferred for further simulation 
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Figure 10. Comparison of dimensionless X-Velocity Component profile at neck of Stenosis using three different grids at Re=540 
6. Results and discussion 
Due to the difficulty of measuring hemodynamic parameters directly in experimental simulation, Computational 
fluid dynamics can play a significant role in producing relatively accurate data across stenosed vessels. Thus, in this 
section, the focus is on the investigation of numerical results. Numerical simulation is obtained by using the models 
and the boundary conditions mentioned above. The results are presented on four different Reynolds numbers of 130, 
160, 190, and 540. Figure 11 exhibits the variation of pressure drop in axial direction at different Reynolds number. 
It is clear from the figure that pressure drop increases with the increasing Reynolds number (i.e., pressure drop at 
Re=540 is four times bigger than that in Re=190).. 
                                                  
Figure 11. Comparison of the pressure distribution on axial midline for different Reynolds numbers 
Figure 12 illustrates the results for the distribution of the wall shear stress at the wall of the stenosis tube for 
different Reynolds number. It should be noted that a subsequent strong positive-negative oscillation of wall shear 
stress behind of the stenotic area are found in the case of Re=130-540 
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Figure 12. Comparison of local WSS at wall of stenosis model for various Reynolds number 
Figure 13 depicts 3D contour plot of axial wall shear stress in the stenotic region 0 ≤ Ө ≤ 360, for steady flow 
through the 55% stenosis at Re=540.                                      
 
Figure 13. Axial wall shear stress in the stenotic region 0 ≤ Ө ≤ 360, for steady flow through the 55% stenosis at Re=540 
Figure 14 depicts the cross-sectional view of contour plot streamlines of flow in the different stream wise 
locations for four different Reynolds number with 130,160,190 and 540.  
 
                                      
 
 
 
 
 
 
Figure 14. Contour plot for streamlines at different Reynolds number (a) Re=130 (b) Re=160 (c) Re=190 (d) Re=540 
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7. Conclusion 
To our best knowledge, the effect of the plaque irregularity has been poorly investigated. For this goal, in this 
study, an experiment-based 3D computational model with Realistic geometry is introduced and solved using a finite 
volume method to simulate blood flow in irregular stenotic artery. The results have demonstrated that the formation 
of wall shear stress in the stenotic region by the irregular stenosis model are much complex than by regular stenosis. 
In the irregular stenotic tube, the subsequent strong oscillations of wall shear stresses behind the stenotic area are 
found in the case of Re=130-540.  
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